Updated information and services can be found at:
Topic collections

Notes
To order reprints follow the "Request Permissions" link in the navigation box http://resources.bmj.com/bmj/subscribers INTRODUCTION Obesity in adults is associated with cognitive impairment and dementia, [1] [2] [3] and this is assumed to be a consequence of obesity or obesity related processes such as secretion of bioactive hormonal compounds, altered insulin signalling, diabetes, hypertension, and other cardiovascular disease processes. [4] [5] [6] [7] [8] [9] However, some relevant processes begin in earlier life, potentially with different mechanisms.
Obese adults and those with adult onset type 2 diabetes mellitus may already have lower levels of cognitive function in childhood, consistent with a subtle developmental impairment. 10 11 Therefore, pathways to impaired cognitive function in these groups may begin much earlier in life than was previously thought, reflecting early biological processes relevant to neurological function and cognition. An alternative explanation is that tests of cognitive function are influenced directly by social and cultural factors, 12 13 rather than indicating a neurological mechanism, and these social influences also increase future risk of obesity.
We investigated whether tests of physical control and coordination in children are associated with obesity in adults, by using measures less subject to confounding by social factors than many tests of cognition. We focused on measures of fine hand control and avoided assessments more likely to be influenced by participation in sports, such as catching balls or balance. We used British longitudinal data to examine the association of tests in childhood with obesity at age 33. Associations of these childhood tests with obesity in later life will emphasise the importance of a life course approach in understanding some aspects of poorer neurological function in obesity.
METHODS
The national child development study is following everyone born between 3 and 9 March 1958 and living in Great Britain, with data collection sweeps at various ages throughout childhood and in adult life.
14 The study was originally of approximately 17 000 births, but the subsequent exclusion of Northern Ireland, death, emigration, and other causes of attrition reduced the sample size, although the cohort has remained broadly representative of the target population. 15 A total of 11 042 people had information on body mass index at age 33; among these, 7990 also had information for assessments and potential confounding factors at age 7 and 6875 had such information at age 11 and were free from major disabilities and in mainstream schools.
At birth, midwives recorded information on sex, birth weight in ounces, gestational age in weeks, mother's age, maternal smoking during the fourth month of pregnancy (non-smokers, medium, variable, and heavy smokers). Social class (Registrar General) based on the father's occupation was categorised as I, II, III non-manual, III manual, IV, V, and "not assigned" (where the father was not present or not working).
At age 7, classroom teachers (who also supervised physical education classes) were asked to identify poor ability in hand control, coordination, and overall clumsiness, scored as certainly, somewhat, no, and unsure. The Bristol social adjustment guide is a test in which class teachers recorded descriptions of behaviour that applied to the child among 150 items. The overall score has been useful in epidemiological surveys as an indicator of behavioural maladjustment and deviant behaviour. 16 A local authority medical officer measured weight and height and recorded information on mental retardation and all significant disabilities and chronic illnesses.
At age 11 years, local authority medical officers measured height and weight, as well as administering a series of functional assessments, of which we selected three for these analyses as indicating hand control and coordination. We selected tests that use the right hand, as this is the dominant hand for most people. Laterality is not associated with obesity and so cannot be a confounding factor. The first test involved copying a simple design, and the accuracy of the copy was scored from 0 to 12. The second test involved marking squares on paper within one minute (maximum 200). The third test recorded the time in seconds that it took to pick up 20 matches (maximum 99 s); unlike for the other tests, a higher score indicated poorer performance. Pubertal development was assessed by using scores for breast development and pubic hair assessments in girls and genitalia development and pubic hair in boys (0-5 for each measure). The scores were summed for boys and girls separately and were then converted into standard deviation units and combined. General ability (cognitive function) tests with a range of 0-76 were administered at school. 17 At age 33, trained interviewers measured height and weight (the latest measured rather than self reported records); obesity was defined as body mass index (weight (kg)/(height (m) 2 ) of 30 or over. Ethnic origin was categorised as white British (more than 96%), Irish, white other, white and black Caribbean, white and black African, white and Asian, other mixed race, Indian, other Asian, Caribbean, African, other black, or other ethnic group.
Statistical analysis
We used logistic regression to estimate associations with obesity at age 33 as the dependent variables in six separate models for each of the measures of physical control and coordination at ages 7 and 11 years. We adjusted these models for social class, sex, mother's age, birth weight standardised for gestational age, ethnic origin, maternal smoking during pregnancy, and the four chronic disease variables associated with either later obesity or motor function (general motor disability, mental retardation, epilepsy, and other central nervous system conditions). We included Bristol social adjustment guide score in the models for tests at age 7 and the puberty score for age 11. Further adjustment was for body mass index (weight (kg)/(height (m) 2 ) at age 7 for tests at age 7 and body mass index (weight (kg)/(height (m) 2 or (weight (kg)/ (height (m) 3 ) at age 11 years and general (cognitive) ability score in the models relevant to tests at age 11. All measures were categorical and were modelled as series of binary dummy variables, except Bristol social adjustment guide score, childhood body mass index, puberty score, and general ability score. We used SPSS for Windows version 16 for the analyses. Table 1shows the distribution of obesity at age 33 by childhood social class and sex overall and in the subsets with complete data at ages 7 and 11, to illustrate the effects on the cohort of non-participation. Lower social class was associated with increased risk of obesity. Compared with the more complete sample, the social class and sex distributions for the age 7 and age 11 analyses are broadly representative; the only notable change was for the small group without an assigned social class. Table 2 shows the associations of teacher assessed hand control, coordination, and clumsiness at age 7 with obesity at age 33, estimated with logistic regression. All three measures showed a graded and statistically significant association of poorer control and coordination with obesity at age 33, and the associations were independent of the markers of childhood circumstances and behaviour. Further adjustment for body mass index at age 7 did not eliminate statistical significance. Table 3 shows the association of doctor administered tests of hand control and coordination at age 11 with obesity at age 33. The tests scores are continuous measures, so no reference category exists; the odds ratios are modest in magnitude, as they represent the increase in risk of obesity associated with a one unit change in the score. The significantly lower scores (worse performance) for copying designs and marking squares associated with Including the total (cognitive) ability score in the adjusted models for the association of age 11 scores with obesity at age 33 may represent an overadjustment, as both the cognitive function score and physical control score may be relevant to neurological function. After this adjustment, the association of obesity with copying designs was not statistically significant: 0.94 (0.86 to 1.01; P=0.116). However, we found significant associations with obesity at age 33 for marking squares and picking up matches, which had odds ratios of 0.87 (0.80 to 0.94; P<0.001) and 1.13 (1.05 to 1.22; P=0.002).
RESULTS
We excluded the participants with a diagnosis of diabetes mellitus up to age 16 years (n=24), but none of the estimates was notably altered (data not shown). Exclusion of the minority with a non-British ethnic origin had almost no effect on the results.
DISCUSSION
All the investigated measures of physical control and coordination at ages 7 and 11 were associated with obesity in adults, independent of multiple markers of social and material conditions in childhood. Even adjustment for contemporaneous childhood body mass index did little to alter the associations, as it was not strongly associated with the tests (data not shown), except picking up matches. This indicates that childhood body mass is not responsible for the differences in function seen. To ensure that this was not due to poor estimation of childhood body mass index, we also modelled an alternative estimate of childhood body mass index that may be a better indicator of childhood body mass. 18 Arguably, including childhood body mass index is an over-adjustment that may mask important associations, as many (although far from all) obese adults tend to be heavier children. 19 Some early life exposures or characteristics associated with obesity in adults may influence development of physical control and coordination long before the onset of obesity.
Use of tests of motor competence A disadvantage of this study is that it could not identify specific measures of neurological function; instead it used markers of physical control and coordination likely to be relevant. Unlike earlier studies of cognitive ability, 10 11 the functional assessments used here are less susceptible to confounding by immediate social factors, as poor performance in cognitive function tests may reflect a lack of knowledge and experience rather than indicating true cognition. 12 Thus, the study provides evidence of poorer motor competence indicating neurological function in childhood among those who will be obese adults. Given the social gradient of obesity, social factors are likely to be of primary importance in explaining its causes and also the associated increased risk of poorer physical control and coordination.
As the assessments at age 7 were based on teachers' observation of pupils, we included adjustment for *Adjusted for social class, sex, mother's age, birth weight standardised for gestational age, ethnic origin, maternal smoking during pregnancy, Bristol social adjustment guide score, and four chronic disease variables associated with either later obesity or motor function (general motor disability, mental retardation, epilepsy, and other central nervous system conditions). †Adjusted for all above measures and also for body mass index at age 7.
Bristol social adjustment guide score to reduce the possibility that deviant behaviour influenced the teachers' perceptions of children. The assessments at age 11 were perhaps more objective, and to avoid confounding by development associated with puberty we made adjustments for markers of pubertal stage. We found no evidence that a chronic disease or disability diagnosed in childhood explained the reported associations.
Childhood body mass and cognitive function Inclusion of childhood body mass index and the general (cognitive) ability score in the models clearly represents over-adjustment but also provides useful information. Adjustment for childhood body mass index not only indicates that body mass does not seem to directly influence physical control and coordination but also represents an indirect adjustment for a variety of factors, such as physical activity, that are plausible confounding factors. However, body mass index may be too crude a measure to identify specific types of adipose tissue in childhood that indicate physical activity or produce bioactive compounds. 2 5 20 21 The effect of adjustment for general ability indicates associations with cognitive function in copying designs. Interestingly, associations between obesity in adults and the other tests of physical control and coordination are more independent of cognitive function, so exclusive mediation through persistently lower cognitive ability is unlikely. The varying effects of adjustment for cognitive function and childhood body mass index depending on the test suggest heterogeneity in the childhood characteristics measured by these tests.
Potential limitations and the importance of a life course approach Although the cohort studied is generally representative of the original cohort, attrition was greatest among more disadvantaged groups that also tend to contain a higher proportion of obese cohort members.
14 This bias may result in more conservative estimates of the reported associations, as one extreme of the obesity distribution is attenuated, but is unlikely to create spurious associations. The reported associations are independent of several well recognised measures of socioeconomic and personal characteristics, as well as additional markers such as birth weight and maternal smoking during pregnancy, which may be relevant to risk of obesity but also signal a variety of associated cultural and economic exposures. [22] [23] [24] Many other environmental or individual characteristics could explain the associations. These might be considered as confounding factors and are important targets for future research to assist in our understanding of how risks for obesity and associated complications accumulate across the life course. Clearly, diet and exercise may be important, as continuity in patterns of physical activity are likely to influence physical control and coordination as well as risk of obesity. Exercise may influence physical control and coordination, or people with lower motor competence may be less likely to exercise, thus increasing risk of obesity. Some aspects of personality (possibly also influenced by earlier environmental exposures) could be potentially relevant to behaviour influencing physical control and coordination as well as risk of obesity. Rather than being explained by a single factor, an accumulation throughout life of many associated cultural, personal, and economic exposures is likely to underlie the risks for obesity and some elements of associated neurological function.
Conclusion
This study cannot identify the specific biological processes linking poorer physical control and coordination in childhood with later obesity. However, it suggests that some of the processes associated with poorer neurological function in obese adults have their origins in childhood.
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